Introduction
Although treatment strategies for cancers of the temporal bone have been controversial, concomitant chemoradiotherapy (CCRT) is an effective choice of treatment, especially for advanced-stage disease.
1 Surgical treatment is effective for early-stage cancers of the temporal bone; however, once cancer cells invade the skull base and/or the surrounding extratemporal bone tissues, they are difficult to manage surgically, and the prognosis of the patient becomes very poor. 2, 3 Although CCRT using the TPF regimen (docetaxel, cisplatin, and 5-fluorouracil) is a safe and effective initial treatment for patients with advanced cancers of the temporal bone, 1 the long-term outcomes of the patients are yet to be determined. Here, we report the long-term outcomes after CCRT, including prognoses and late complications of patients with cancers of the temporal bone.
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Abstract
Objectives This article aims to clarify the long-term outcomes of patients with squamous cell carcinoma of the temporal bone who underwent concomitant chemoradiotherapy (CCRT). Design and Setting The study design was a retrospective chart review. Patients and Methods From December 2001 to June 2014, 23 patients with cancer of the temporal bone who were treated by CCRT at the Tohoku University Hospital and the Iwate Medical University Hospital were enrolled in this study. For advanced cancer of the temporal bone, a modified docetaxel, cisplatin, and 5-fluorouracil (TPF) regimen was used for CCRT. The long-term outcomes, including prognoses and late complications, were analyzed after CCRT of patients with cancers of the temporal bone. Results The main long-term complications were stenosis of the external auditory canal and conductive hearing loss. No harmful late complications were observed in these patients. Disease-specific survival rates were 84.9% for all patients, 100% for patients of stage I, II, and III (n ¼ 10), and 75.5% for patients of stage IV (n ¼ 13) at 5 years. Conclusions Our study showed that CCRT is an effective treatment choice for squamous cell carcinoma of the temporal bone. Furthermore, CCRT using the TPF regimen is a safe and effective initial treatment for patients with advanced cancers of the temporal bone.
Patients and Methods
The study design was a retrospective chart review. From December 2001 to June 2014, 27 patients with cancer of the temporal bone were treated at the Tohoku University Hospital and the Iwate Medical University Hospital. Preoperative radiographic studies were performed on all patients, including computed tomography, magnetic resonance imaging, and 18-fluoro-2-deoxyglucose positron emission tomography. Patients were diagnosed and classified according to the University of Pittsburgh system, 4 and none of the patients presented distant metastasis at the time of diagnosis. The T classification was as follows: T1, tumor limited to the external canal without bony erosion; T2, tumor limited to the external canal with bony erosion; T3, tumor eroding the middle ear and/or mastoid, or causing facial paralysis with limited soft tissue involvement; and T4, tumor eroding the cochlear, petrous apex, dura, or with extensive soft tissue involvement. All but two patients had squamous cell carcinoma (SCC) that originated from the external auditory canal. There was one ceruminous gland adenocarcinoma and one adenoid cystic carcinoma. Three patients underwent surgery as initial treatment, and the reasons why these patients chose surgical therapy included past history of irradiation after ipsilateral parotidectomy in a 74-year-old female (T1N0M0), advanced age in an 86-year-old male (T1N0M0), and histological type (adenoid cystic carcinoma) in a 52-year-old female (T2N0M0). We excluded these four patients who had tumors with extra-SCC and/or underwent surgery as initial treatment.
Twenty-three patients who underwent CCRT as an initial treatment were analyzed in our study (►Table 1), and no distant metastases were observed at the beginning of the treatment. There were 10 male patients and 13 female patients, and the average patient age was 66.0 years (range: 51-81 years). There were 12 tumors on the right side and 11 tumors on the left side. Treatments and the results of the patients were summarized in ►Table 2. Six patients with stage I tumors were treated by radiation therapy alone or with oral administration of S1.
5 Three patients with stage II tumors were treated by radiation therapy concomitant with a weekly administration of low-dose docetaxel, i.e., 10 mg/m. who was an 80-year-old female, underwent intra-arterial infusion of Cisplatin as a concomitant chemotherapy. 9 Radiation therapies were performed using a 4 MeV linear accelerator and an equally divided protocol. Patients received 2 Gy/fraction radiation therapy every weekday (five fractions per week), and the total dose was 70 Gy. Statistical analyses were performed using the KaplanMeier method for patient survival rates, and a log-rank test was used to examine significant differences.
Results

Adverse Events
The acute adverse events (AEs) that were experienced by patients who received CCRT with the TPF regimen (n ¼ 13) are summarized in ►Table 3. A grade 4 AE that involved leukocyte count was observed in one patient (7.7%), and AEs involving granulocyte count were observed in four patients (31%). Grade 3 AEs that were related to bone marrow suppression were also observed, which involved leukocyte count in three patients, neutrophil count in one patient, lymphocyte count in nine patients, hemoglobin level in one patient, and platelet count in one patient. The following grade 3 AEs were observed: glutamic oxaloacetic transaminase (GOT) in one patient, hypokalemia in one patient, and hyponatremia in two patients. One patient (case 6), for whom the second course of TPF was canceled, showed liver dysfunction (GOT, grade 3). Radiotherapy at the dose of 62 Gy was also canceled in one patient (case 3) because of radiation dermatitis (►Table 2).
A comparison of acute AEs is shown in ►Table 4. AEs that were experienced by the patients were compared with those experienced by 16 patients with stage IVA hypopharyngeal SCC who underwent CCRT using the TPF regimen during the same period. Although grade 3 or 4 leukocyte counts were observed in 76% of the patients with hypopharyngeal cancer, such counts were only observed in 30.7% of the patients with temporal bone cancer. Moreover, although grade 3 or 4 neutrophil counts were observed in 75% of the patients with hypopharyngeal cancer, only 38.7% of the patients with temporal bone cancer presented grade 3 or 4 neutrophil counts. These results indicate that CCRT using the TPF regimen showed less bone marrow suppression in patients with cancer of the temporal bone. Long-term complications primarily included stenosis of the external auditory canal and conductive hearing loss. The stenosis of the external auditory canal was observed in more than half of the patients, some of whom showed conductive hearing loss. Two patients also showed sensorineural hearing loss whose averages of threshold of bone conduction were reduced around 10 dB after CRT.
Responses and Prognoses
We investigated the responses of the primary tumors to CRT. There were 23 objective lesions, of which complete response (CR) was obtained in 20 cases and partial response (PR) in three, resulting in a 100% response rate (RR) and 87% CR rate. As for regional lymph node metastases, there were seven objective lesions, and CR was obtained all seven cases, resulting in 100% RR and CR rates.
We calculated the survival rates of the patients by the Kaplan-Meier method. The mean and median observation times were 59.5 and 57 months, respectively. The overall survival rates were 80.6% for all patients, 100% for patients of stage I, II, and III, and 69.2% for patients of stage IV at 5 years (►Fig. 1). There were no significant differences among these three groups of patients in terms of overall survival rates. The disease-specific survival rates were 84.9% for all patients, 100% for patients of stage I, II, and III, and 75.5% for patients of stage IV at 5 years (►Fig. 2). There were no significant Fig. 1 Survival curves of the patients. Overall survival rates were calculated by the Kaplan-Meier method. The 5-year survival rate of all patients was 80.6% (open circles), of patients who were T1-3 was 100% (closed circles), and of patients who were T4 and stage IV was 69.2% (closed squares). Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CCRT, concomitant chemoradiotherapy; GOT, glutamic oxaloacetic transaminase; g-GTP, gamma-glutamyl transpeptidase; GPT, glutamic pyruvic transaminase; TPF, docetaxel, cisplatin, and 5-fluorouracil regimen. differences among these three groups of patients in terms of disease-specific survival rates.
Discussion
The TPF regimen has been widely used as induction chemotherapy for patients with head and neck SCC (HNSCC), and the usefulness of this regimen has been analyzed and reported elsewhere. 10, 11 On the other hand, CCRT has been recognized as a standard treatment for HNSCC, and its efficacy has been proven in many clinical studies. 12 However, CCRT using the TPF regimen is not widely used because physicians and medical oncologists are concerned about the toxicity of the TPF regimen, using standard doses of the individual agents. Therefore, we used modified doses of these agents. We also performed a phase I trial of CCRT using the TPF regimen for patients with HNSCC and estimated the recommended doses of docetaxel and cisplatin (Shiga et al, in preparation) . Another trial reported by Katori and Tsukuda et al 8 recommended
doses that are in agreement with our results. With respect to acute toxicity, AEs that were experienced by our group of patients were less toxic than those experienced by patients with tumors in the hypopharynx (►Table 4). Also, the main long-term AEs included stenosis of external auditory canal and hearing impairment due to the long-term effects of radiation therapy. We concluded that CCRT using the TPF regimen was tolerable and had minimum influence on the quality of life of patients with SCC of the temporal bone.
The patients who underwent CCRT displayed very good responses, and all but three patients obtained CR, although some patients showed PR after finishing CCRT. The reason for not obtaining CR seemed partially due to the TPF chemotherapy course number. Two patients who showed PR after CCRT with the TPF regimen displayed poor prognoses, one patient refused the second course of TPF chemotherapy and therefore only underwent one course of TPF. This result suggested that the overall dose of TPF, i.e., docetaxel, cisplatin, and 5-fluorouracil, and at least two courses of TPF, determine CR against the T4 tumor of the temporal bone.
Several studies have reported the treatment of cancers of the temporal bone. Essig et al 13 reported that lateral temporal bone resections achieved good results when negative margins were obtained during surgery for advanced SCC of the temporal bone. Sinha et al 14 also reported that achieving a negative margin was difficult during lateral bone resection surgery and that lymph node metastases correlated with poor prognoses. Morita et al 15 concluded that T1-2 tumors were well controlled by surgery, but recommended for T3-4 tumors to be treated by CRT. Shinomiya et al 16 reported the results of CCRT using the TPF regimen for advanced SCC of the temporal bone. Furthermore, Takenaka et al 17 performed a meta-analysis of CRT for SCC of the external auditory canal. Because this study included a small number of patients with cancers of the temporal bone, a randomized control study is required to gather more information and to validate the efficacy of CCRT as a treatment for cancers of the temporal bone.
Conclusions
Our study showed that CCRT is an effective choice of treatment for SCC of the temporal bone. Especially, CCRT using the TPF regimen is safe and effective to be used as the initial treatment for patients with advanced cancers of the temporal bone. No harmful complications were observed in the patients after long-term follow-up. Our treatment strategy seems to be the best approach and should be a standard method for treating patients with SCC of the temporal bone.
